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FOREWORD

This preliminary report summarizes work performed fof the
National Aeronautics and.Space Administration by the Department
of Biology at Hardin-Simmons University; supported>by NASA Grant
NGRA44—095—001, and covers the period froﬁ October 1, 1972 -
December.31, 1972. The relationship with the NASA Planetary
Quarentine Program has been most stimulating to the Division of
Science at H-SU, and it is hoped that this project will be a
significant contribution to the activities of NASA in its present
and future planetary exploration programs.

The report covers the saﬁpling 6f soils from the manufacture
and assembly areas of the Viking spaeecraft, the methodology eméloyed
in ;he analysis of these samples for psychrophilic microqrganisms,
and tempefeture studies on these organismé. Results showing the
| major types,ofvorganisms and the percentage of obligate psychrophiles
in each sample are given and diSCuesed1 The report also ineludes a
description of work currently in progress and future work planned
for the remainder of the grant period. Emphasis in all areas iev
toward application of these results to the objectives of the planetary

quarantine program.

Terry L. Foster
Department of Biology
Hardin-Simmons University
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A STUDY OF PSYCHROPHItIC ORGANISMS ISOLATED FROM THE MANUFACTURE

AND ASSEMBLY AREAS OF SPACECRAFT TO BE USED IN THE VIKING MISSION

Introduction

Since one purpose of the Planetary Quarantine Program is to
determine guidelines for the prevention of contamination of Mars with
organisms which might grow in the Martian environment, it is essential
that all possible groups of microorganisms associated with these
planetary vehicles be studied\in this respect. The success of the
planetary quarantiﬁe measuresfcan only be met with extensive investi-
gation of all factors which might contribute to this problem;
theréforé, the primary objective of this investigation is to make a
.deliberate attempt to determine the presence and éoncentration of
psychrophilic organisms in various areas associated with the Viking
spacecraft and to determine if these will grow in some of the
environmental conditions suggested for Mars.

A great deal of previous research has been conducted on
organisms isolated from the manufacture and assembly areas of the
Viking spacecraft, but most of these has dealt primarily with the heat
resistance of mesophilic sporeformers. Although it is generally
agreed that the psychrophiles may not be the most heat resistant of
the microorganisms, they should not be exclﬁded from investigations
related to planetary quarantine because these may include organisms
with the physiological characteristics to grow in the hostile

environment of Mars. Also, it is known that some sporeformers,
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aerobic and aﬁaerobic, possess the'ébility to grow at low temperatures,
and this group includes the more heat resisﬁant.microorganismé.

Work has alSO'beén done on the ability of organisms to grow
in simulated Martian environments, and these have deﬁonstrated that
many organisms can grow in the conditions.used. However, there are
many factors whicﬁ have not been iﬁvestigated, and most of these .
investigatoré suggest that there is a definite need for more work in
this area. Some of these have also pointed out that because of the
conditions on Mars, some of the most likely organisms to grow on this
planet will include those capable of growth'at low temperatures. For
these reasons, it appears to be of great value to extend these previous
studies to include the isolation and study of psychrophilic organisms
from areas directly assoclated with the Viking spacecraft.

It is recognized that there are numerous definitions of
psychrophilic ofganisms including those based on.opfimum growth
temperature and tﬁose based on poésible growﬁh ranges (maximum and
minimum temperatures for growth). The latter usually is defined as
the formation of macroscopic colonies within a certain time period.
Since the definitions vary tremendously amohg in&ividual investigators,
it was necessary to definé the conditions used in this project.  In
oraervto include as many potential_psychrophiles.as possible, primary
isolation was performed at 6-7°C for 10-14 days (21 days for fungi).-
Subsequent temperature studies included growth at 2~3°C (10-14 days),
24°C (3-5 days), and 32°C (48 hrs.). Organisms showing growth at 3°C,
but not at 32°C in the required time are defined in this project as

obligate psychrophiles. Many of these did show growth at 240C, and



this is shown in the results. Since many investigators.prefgr a more
rigid definition, results also show the percent of organisms which grew
at 3°C, but not at the other two temperatures. |

It is also pertinent to include a study of psychrophilic
sporeformers, and this has been done, or is in progréss, for both
aerobes and anaerobes. The presence of these organisms will be of
considerable interest because of their potential heat resistance and
because of their potential ability to grow in the Martian environment.
If these can grow under the condition to be used in this study, they
may indeed be the most relevant group for intensive investigations.

Non-sporeforming organisms which can grow under tge conditions
of this project will be relevant if séme future interplanetary
vehicles are not subjected to terminal Heat sterilization, or if
recontamination of the spacecraft occurs after heat sterilization.
Therefore, the non-sporeforming péychrophiléS’should not be overlooked
as insignificant.

" Attempts have been made in this investigation to isolate
several types of phototrophic and autotrophic organisms incubated at
6-79C for 30-60 days. Counts were not made on these two groups, but
attempts were made to demonstrate their ability to .grow at this

temperature.

Procedure
Soil samﬁles were obtained from sites at the manufacture area
" of the Viking spacecraft in.Denvef, Colorado and from various areas
at Cape Kennedy where the spacécraft,might be housed in preparation for

launching. These samples were taken from areas around main entrances



through which dust contamination might enter the building, and these
siﬁes are indicated in Table 1. All sampies were surface samples,
no deeper than 5-6 inches and inclﬁded grass if it was present at
the site.

The samples were returned to the laboratory and treated as
shown in Figure.l, The samples were thoroughly mixed, and ten graﬁs :
of each wastdiluted in O.l% peptone prior to plating. The first
bottle in each dilution series contained glass beads for better
dispersal of soil particles during mixing. qusequent dilution tubes
were mixed on a Vortex Jr. Mixer (Scientific Industries, Inc.,

Queens Village, New York) to assure thorough mixing. One-tenth ml.
amounts were transferred to the sutfaée of Tryptiéase Soy Agar (BBL)
plates and Mycophil Agar -pH 4.0- (BBL) plates and spread with glass
spreading rods.

All media used throughout this investigation were prepared
‘as directed, cooled, allowed to stand atlroom temperatﬁre for 24-36
hours, and chilled at 7°C for at least 24 hrs. prior to use. This was
done to prevent possible damage to psychrophiles by addition of melted
agar; tﬁerefore, the spread-plate technique was employed on all counts.
The different media used in this experiment were all prepared from the
same '"lot" of dehydrated media. These "lot" numbers and other
pertinent information concerning preparation of media are maintained
'in a separate media preparation log. Ail difﬁerential media and test
reagents used were tested for reliability using known organisms prior
to use. All manipulations were performed in a laminar flow

" cabinet.



Table 1

SAMPLE SITES -

CODE SOURCE
From the Manufacture.Area in Denver, Colorado
M1 | OQutside high bay area on éooling tower side
M2 |West side of high bay area%*
M3 | Back éf high bay area ‘
From the Assembly Area at Cape Kennedy
K1 | Bldg. M7-1469 East of low bay door on north side of bldg.
K2 | Bldg. M7-1469 West of iow bay door on north side of bldg.
K3 Bldg.‘M7—1469 Directly in front of low bay door
K4 | Bldg. M7-1469 East of high bay door on south side of bldg.
K5 | Bldg. M7—1469 West of High bay door on south side of bldg.
K6 - | Bldg. M7-1469 Directly in front of high bay door
K7 | Bldg. AO Directly in front of high bay-(west side) Dark sand
K8 |Bldg. AO Directly in front of high bay (west side) Light sand
K9 |Bldg. AO From the curB directly in front of high bay
K10 | Bldg. AO Main personnel entrance on east side of bldg.
K11 | Bldg. AO From vacuum units inside bidg.
K12 |[Bldg. AE Outside main entrance to the clean room

*From roadbed of fill dirt - not native soil



FIG.1. SAMPLE TREATMENT

‘.

6.
SAMPLE
DILUTIONS IN 0.1% PEPTONE’
TSA PLATES TSA PLATES MYCOPHIL PLATES PHOTOTROPHIC*  AUTOTROPHIC
7°C AEROBIC 7°C ANA. 7°C AER.
COUNTS - 10-14 DAYS 7°C - 30- 60 DAYS
COUNTS - 21 DAYS | SUBCULTURE FOR 30 DAYS
TEMPERATURE . GRAM | GROUPED EXAMINATION
STUDIES STAINS , o
GRAM STAINS GROUPED | | ‘ RECORDED GROWTH
| + OR —
GROUPED
CALCULATION CALCULATION CALCULATION

# ALL MEDIA STORED AT 7°C FOR AT LEAST 24 HOURS PRIOR TO USE
* LIGHTED INCUBATOR AT 7°C



Duplicaté plates were prepared for aerobic, anaerobic, and
fungal counts. The plates were placed in the 7°C incubator (Freas
model 805) as soon as possible after inoéulation, and only the
anaerobic plates were allowed to reach room temperature dgring the
manipulations. Ihe ahaerobic plates were rechilled after inoculatibn;
placed in Brewer Anaerobe Jars with Gas-Pacs and Anaerobic Indicators
(BBL), and placed in the 7°C incubator as soon.as anaerobic conditions
vere achieved as shown by tﬁe indicator.(approximately 3-4 hrs.). A

freshly inoculated TSA slant of Alcaligenes fecalis was placed in each

anaerobe jar as a biological indicator of anaerobiosis. All incubators
were monitored with ﬁaximum—minimum registering thermometers (Taylor -~
Model No. 5458) which were checked daily. The oniy deviations from 7°C
were no more than 1-29C, and these were usually lower than 70°C.
Increases in temperature occurred during times when samples were being
added to or removed from the incubators.

After inocﬁlation of plates for the pfevious counts, one ml.
amounts were fransferred from the 1:10 dilution to triplicate tubes of
synthetic media designed for isolation of blue-green algae, green glgae,

green sulfur bacteria, purple sulfur bacteria, purple non-sulfur

bacteria, Nitrobacter, Nitrosomonas, Ferrobacillus, and Thiobacillus.
These media were prepared according to formulations given by Stanier1

and Frobishetz. These were then incubated at 7°C for 30-60 days and

lStaniér,'R. Y., M. Doudoroff, and E. A. Adelberg, The
Microbial World, 2nd ed., 1963, Prentice-Hall, Inc., Englewood
Cliffs, N. J., 456-458. _

2probisher, M., Fundamentals of Microbiology, 8th ed., 1968,
W. B. Saunders Co., Philadelphia, 544-545. ‘




examined macroscopically and microscopically (phése—contrast and
stainingj. ‘Media inoculated for isolation of phototrophic organisms
were placed in a 1ighted‘incubator. Cultures showing positive growth
were subcultured into fresh media, incubated for another 30 days and
again examined. Tentative identification of most cultures showing
positive results on subculture have been performed.

As can be seen from Figure 1, the aerobic psychrophiles have
received the most attention. This is because they are the predominant
type isolated. Further studies on anaerobes and fungi are in progreos,
and at present the fungi have been grouped on the Bésié of macroscopic
observation only. The anaerobes have béen observed with the gram and
spore stains and by colonial morphology.

Aerobic plates showing countable (30-300 colonies) results
were selected, and all colonies were transferred from these to TSA
slants for incubation at 3°C (10-14 days), 24°C (3-5 days), and 32°C
(48 hrs.). Plates oith higher counts were examined for low populations
of organisms which did not appear on the countable plates. After
growth had occurred, the results were recorded and organisms showing
growth at 3°C, but not at 32°C, were classified as obligate péychrophiles.
The organisms were then reincubated for 7-10 more days for better. growth.
and pigment production.

All isolates from the manufacture area were examined individually
by staining and limited biochemical tests. From these results plus the
temperature studies and colonial characteristics, the organisms were
grouped and aro presently being identified. From these detailed
procedures it became apparent that the organisms could be accurately

grouped on the basis of temperature studies and careful examination of



colonial characteristics. Since the psychrophiles require‘so'long for
determination of biochemical tests, and due to the largé number of
samples invélved, it was deéided to alter the procedures for the Cape
Kennedy samples. These samples were treated like the samples from the
manufacture area to the point of staining and biochemical'tests; hcwevér,
instead of studying each individual isolate, the organisms were grouped
on the basis of temperatufe studies and careful examination of colonial
characteristics at all temperatures at which they grew. Any differenqes
in colonial characteristics caused the orgénisms to be plaged into
‘different groups. Random tubes were then picked from each group for
fufther testing, the number of tubes picked depending upon the size of
‘the group. These isolates were then examined by staining and biochemical
tests. The results from these procedures have allowed the grouping of
organisms for determination of distribution of the different types.
Specific identification Qf these ofganisms has not been completed on

most samples, but they are currently being tested.

Results

Results of total counts isolated at 7°C in 10-14 days are
presented in Table 2 and Figures 2, éA, and 2B.. As can be seen, the
total counts from the manufacture area of the Viking spacecraft are
highgr than those from the Cape Kennedy Samples. This shouid 5e
expected due to the seasonally wgfmer temperatures in Florida. Coﬁnts
of sambles from the manufacture area‘are in close agreement with one
another, and counts from the Cape Kennedy samples are also in close
agreement. A comparison of distribution of the major groups of isolated

organisms (aerobic, anaerobic, and fungi) also appears in these tables



NUMBER OF ORGANISMS ISOLATED FROM EACH SAMPLE*
(% OF TOTAL)

Table 2

10

SAMPLE TOTAL AEROBIC ANAEROBIC FUNGI

M1 1.74x106 1.7x106 2.7x10% 1.3x10%
(97.7) (1.6) 0.7)

M2 3.94x10° 3.5x10° 4.4x10% 4.5%102
: (88.8) (11.1) (0.1) -

M3 9.10x10° 7.7x10° 3.0x103 1.4x106
(84.6) (0.03) (15.4)

K1l ' 6.04x10% 4.8x10% . 9.6x103 2.8x103
(79.5) (15.9) (4.6)

K2 '8.18x10% 5.1x10% 2.8x10% 2.8x103
(62.3) (34.2) (3.5)

K3 ' 1.60x10% 1.3x104 2.1x103 1.4x103
(78.1) (13.1) (8.8)

Kb 3.60x10% 6.7x103 2. 4x10% 5.3x103
(18.6) (66.7) (14.7)

‘K5 2.73x10% 2.3x10% 3.9x103 4.1x102
. . (84.2) (14.3) (1.5)

X6 1.02x10° 9.4x10% 4.1x103 3.7x103
(92.2) (4.1) (3.7)

K7 1.89x10% 1.3x10% 1.7x103 4.1x103
(69.3) (9.0) (21.7)

K8 7.14x103 6.5x103 . 2.5x102 3.9x102
(91.0) (3.5) (5.5)

K9 5.64x10° 4.2x103 4.5x102 9.9x102
(74.0) (8.0) (18.0)

K10 2.45x10%4 1.9x10% 2.2x103 3.3x103
(77.6) (9.0) (13.4)

K11 8.38x103 6.1x103 1.9x103 - 3.8x102
(73.0) (23.0) (4.0)

K12 1.47x10° 1.4x10° 6.9x103 '2.3x102
(95.1) (4.7) (0.2)

*Cells/gm. of soil
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FIG.2-A COUNTS OBTAINED FROM CAPE KENNEDY SAMPLES
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FIG. 2-B COUNTS OBTAINED FROM MANUFACTURE AREA SAMPLES
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14
and figures;"In all_bﬁt one case the aerobic counts were the highest,
'with‘the anaerobié aﬂd‘fungal counts comprising a smaller percentage.
In ten of the‘fifteen samples the anaerobic count was higher than the
fungal count.

Attémpts'to isolate‘bhototrophic and autotrophic organisms
showed that ohly biﬁe;green aigae, euglenoids, diatoms, and:greénvalgae
grew at these teméerétures;'aﬁd these were isolated in only a few
samples, as shown in TaBle 3. Tentative identification for most of fhe
isolates iévgiven; "On primary isolation, several samples showed growfh
of various fypes of‘bacteria, usually in small‘concent;ations, but upon
subculturing, these bacteria would nof grow. It was assumed that these
-bactefia had Been obtaiqing nutrients from the sméll amounts of soil
added to the initial tubes and could not grow on subculture.. No photo-
synthetic bacteria Qere isolated at any time.

The fﬁngal isélates have beeﬁ grouped én Fhe basis of macro-
scopic appearance only, and theéé results are shown in abbreviated form
in Table 4. .Thié is a gfief observatioﬁ of the'fungi, but more specific
identification and temperature stﬁdies will be pefformed and will be
available fo£ futpre-réports.. However, this information is included to
give an ideé of the distribqtion of fungi isolated from these samples.

Thévresults of the infestiéations on anaerobic isolates is only
partially éompléted, but thus far, they show that the samples from the
manufactﬁré.éreé'§ontain 70—80% sporeformers and 20-307% gram positive,
non—spbrefofming fods; The samples from Cape Kennedy have shown all
spbréférﬁefs witﬁ thévexceptiqns of K§ and K10 which showed 71.47% and

40.9% sporeformers; reSpectively, with the remainder being small, gram



PHOTOTROPHIC ISOLATES *
(Tentative Identification)

Table 3

- 15

C - SAMPLE
TYPE OF
MEDIUM - M1 Kl K2 K6- S _ K7 -
Blue-green | Unicellular Euglenoid + - Biflagellate, - -
Algae (Chrococcus) Unicellular Unicellular
’ (Chrococcus). with large
chloroplast
(Chlamydomonas)
Green ‘Masses of _ Euglenoid + Euglenoid + Long, Long,
Algae " long chains Unicellular Unicellular filamentous filamentous
of irregular (Chlorella) (Chlorella) algae algae
cells - + (Ulothrix) (Ulothrix)_

' branched

filaments

few diatoms

*No autotrophic organisms showed positive growth on subculture

All samples not listed showed negative results

No photosynthetic bacteria were isolated



Table 4
PERCENTAGE OF TYPES OF FUNGI AND ACTINOMYCETES

BASED ON MACROSCOPIC EXAMINATION®

16

TYPE

SAMPLE
ML M2 M3 KL K2 K3 K4 K5 K6 KI K8 K9 KO - KLl KI2

Yeasts ' o ‘ o ‘ ' .

‘White 30.8 0.9 60.0 - 2.9 2.211.0 4.6 15.3 - - 30.5 3.0 6.6 5.4

Pink - - - - 3.7 51 - 3.5 6.9 - - 181 - ©21.3 5.4
Actinomycetes | 3.1 0.9 5.0 .- 0.7 - - - - - - - 61 - -
Black Molds 27.7 2.8 10.0 - 8.1 8.7 80.7 75.9 58.3 26.8 5.2 23.2 - 9.9 33.8
White Molds 10.8 - 5.0 90.0 53.0 33.3 7.4 14.9 18.1 73.2 92.2 20.3 54.6 27.9  27.0
Green Molds | - 36.1 5.0 100 - - - - - - - - - - -
Gray Molds 16.9 50.8 12.5 - 31.6 44.2 - 1.1 - - 2.6 - 36.3 34.3  28.4
Red Molds 6.1 - 2.5 - - 4.3 0.9 - 1.4 - - 0.7 - - -
Tan Molds 4.6 8.5 - - - 2.2 - - - - - 7.2 - - -

*Identifications in progress

9/



17
positive rods in which ﬁo spofes'could be detected. Inveétigations are
currently beingvconauctea on thege isolates to determine if they are
obligate.anéerobes, and temperature studies will be performed to
determine.if they are ‘obligate psychrophiles.

The‘éerobic bacteria which have been isoléted have been iﬁvesti-
gated in moré.aetail since they are the predominant types present.
These were sdbjected.td temperatures of 3°C, 24°C, and 32°C as described
earlier, and the results of these temperature studies are‘shown in
- Table 5 and Figures-3 and 3A. The organisms showing growth at 3°c and
no growth at 329C are considered as obligate psychrophiles, although.the
figures further subdivide this group into those that will grow at 24°C
and thoée not growing at 24°C. Also shown ére the organisms which grew
at all threevtemperaturés, and this largest group contains the
facultative pSychrophileS; As can be seen, all samples'éontain obligate
psychrophilic organisms acéofding to the definition in this report, and
12 of the 15 saﬁples contain organisms which can grow at 3°C, but not
at 320c, naf 240C. The distribution of these latter organisms range from
0.0% of the aerobié count in three samples to 16% in K2. If the per-
centages of psychrophiles from the figures appear high, it must be
remembered.that the origihal isolation of samples was done at 7°C.
Although only a few of the organisms from the aerobic TSA
" isolates have been identified at least to genera, results in Table 6
- show thé dis£ribufion qf major types of organisms isolated from these
.samples. Thesé are gfouped on the basis of staining and colonial
characteristicé, but more detailed identification is in progress om

those Samples not yet completed. The organisms so far identified include

Micrococcus, Corynebacterium, Brevibacterium, Flavobacterium,



Table 5

TEMPERATURE STUDIES FROM AEROBIC TSA SAMPLES
' (GIVEN IN %) '

+30C, * +30¢, Total
: -240cC, +240¢C, Obligate
Sample -329C -320C Psychrophiles

ML 2.0 30.0 32.0
M2 : 2.0 6.0 - 8.0
M3 B 3.7 8.3 12.0
K1 10.0 8.0 18.0
K2 _ 16.0 12.0 28.0
K3 - 3.7 3.7
Kb 1.5 - 1.5
K5 : 1.7 - 1.7
K6 | 6.8 4.6 11.4
K7 : 71 10.0 . 17.1
K8 : 9.9 43.7 53.6
K9 2.1 25.0 27.1

K10 10.0 . 10.5 20.5
K11 - 23.1 23.1
K12 B - 2.0 . 2.0

]

Growth
No growth
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Table 6

PERCENTAGE OF TYPES OF ORGANISMS ISOLATED FROM AEROBIC TSA SAMPLES

TYPE : ' : SAMPLE
ML M2 M3 K1 K2 K3 K4 K5 K6 K7 K8 K9 KIO K1l
G+ cocci : : : . o
White 12.0 12.0 - - 2.0 - 1.5 - 330 - 14 - - -
Pigmented 20.0 6.0 21.1 4.0 - 3.0 - 10.0 11.3 2.3 - 50.0 2.1 9.3
G+ fods, _ , .
small, non-
sporeforming o _ . o o - _
White ' 38.0 64.0 "56.0 26.0 32.0 2.2 3.8 5.0 34.0 60.5 45.1 4.2 29.0 13.8
Pigmented 22.0 4.0 13.8 2.0 16.0 32.9 39.7 - 6.9 25.7 -~ - 20.7 8.4 13.8
G+ rods, large,
no spores
detected :
White - - - 8.0 8.0 13.5 30.9 - - 9.3 - - 22.6 29.9
Pigmented - - - 20.0 26.0 24.7 - 3.3 3.4 - 11.2 - 27.4 15.4
G+ rods,
sporeforming _ .
White B - - 2.0 4.0 8.9 6.7 8.3 9.1 - 5.6 4.2 7.4 5.4
Pigmented - - 1.8 10.0 - 3.0 1.5 1.7 - 0.7 2.8 4.2 1.6 -
G- rods . B
White o 4.0 10.0 - 2.0 6.0 0.7 5.3 35.0 - 1.5 25.5 ~ 0.5 3.1
Pigmented - - 5.5 4.0 4.0 8.9 3.8 36.7 2.3 - 8.4 10.4 0.5 6.2
Yeast - - 1.8 - - - 38 - - - = 2.1 0.5 0.8
Mold - - - 18.0 2.0 - - - - - - - - 2.3
No growth on : ' _ : .
subculture 4.0 4.0 - 4.0 - 2.2 3.0 - - - - 4.2 - -

~O .
oo -

wo

N

N U
~ W
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Achrdﬁobaéterium, and Baéillus.

One-of the most obvious results from Table 6 is that the samples
from the manufacture area contained essentially no aerobic sporeformers,
while all of the Caﬁe Kennedy samples showed a relativeiy high per-
centage of these organisms. Teﬁperature studies on these.organisms as
compared to non-sporeformers show that the sporeformers apparently are
not obligatefpsychrophiles. As mentioned earlier these organisms have
been investig;ted>by staining procedures to demonstrate the presence of
spores. Since this investigation was designed to isoléte psychroﬁhilic
organisms; heat—shocking experiments were not performed. However,
organisms reported as sporeformers showed the presence of numerous

spores after incubation at low temperatures for 21 days.

Discussion and Conclusion

From the foregoing, it is apparent that the samples tested
contain psychrophilic miCrborganisms of various types. Depending upon
how the term obligate psychrophile is defined, various concentrations of
their presenée has been demonstrated. I1f, as in this report, the
definition includes organisms growing at 3°C, but not at 32°C in the
required times, the coﬁcentration of obligate psychrophiles varies from
1.5% in K4 to 53.6% in K8. On the other hand, if a more rigid
definition such éé growth at 3°C and not at 24°C or 320C is used,
their concentrafion ranges from 0.0% in three of the samples to 16% in
K2. Again, it is pointed out that these figures are based on
percentages of aerobic organisms which were originally isolated at 7°C.
The intent of this report is not to debate the definitions of psychrophilic

organisms, but to demonstrate the concentration of psychrophiles in the
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areas gssociated With the Viking spacecraft, and this hés been clearly
demonstrated. Othef invéstigators have demonstrated that organisms
which are obligate psychropliiles on primary isolation may lose this
characteristic after culturing in an artificial environment; therefore,
the important conclusion is that these are at least psychrophilic
organisms because of their ability to grow at low temperatures.
Obviously, 100% of these are psychrophiles, but the majority are facul—:
tative. | |

These temperaturé studies were performed to emphasize the point
that many organisms in natural soils in the manufacture and assembly
areas of the Viking spacecraft are capable of growth at low temperatures.
This same adaptability may enable them to survive and to grow in a more
hostile environﬁent, such as the Martian environment.

Although specific characterization of these isolates has not
been completed at this early report, sufficient information has been
given to give a general idea of.the distributioq-of the major types of
psychrophilic organisms present in the samples tested. It is apparenﬁ
that sporeforming drganisms are present in these samples and can exhibit
growth at low temperatures. Some of these produced abundant growth at
3°C, but the majority of them showed only moderafe to slight growth
after 10-14 days. This group will be particularly important to iﬁves—
tigate because of their potential heat resistance. It is obvious that
one important point for investigation is to determine if the suggested
sterilization cycle for tﬁe Viking spacecraft will destroy these
spore-forming organisms. .There are a number of NASA-sponsored

investigators who have the proper equipment for such studies.
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Some iﬁvestigators feel that tﬁe phototrophic or autotrophic
organisms ‘will bé among those most likely to grow in the Martian
envirqnmeht. From the results given here, the sites which were
examinedvappeaf not to:contain certain phototrophic and autotrophic
bactefia which can grow at low temperatures, but a few of the sémples do
contain various tybes of algae which can grow under psychrophilic
conditions. These results indicate agreement with those who feel that
the photbtrophic'aﬁd autotrophic'bacteria do not possess the adaptibility
demonstfated by the heterotrdphs.

In,conclusion, it has been shown that areas associated with the
Viking spacecraf;ido contain diverse populatioﬁs of psychrophiles in
fairly high corcentration, and that nearly all of them contain spofeforming

organisms capable of growth at low temperatures.

Plans for Future Work

More specific identifications will be performed on all isolates,
and a saﬁpié of each type will be lypholized for future reference or use.
Temperature studies will be completed on the anaerobes and fungi.

Isolates will soon be subjected to experimental procedures
émploying some of phe environmental conditions suggested for Mars to
determine if any of thém can grow under these conditions. In his report
to the Committee on Space Research in Madrid in 1972, A. A. Imshenetsky
-described a simplified system for e#periments concerning simulated
Martian environmenﬁé. Attempts will be made.to useva similar design

in this present investigation.



